Lunate and perilunate dislocations are uncommon, accounting for <10% of wrist injuries [1] . A misaligned lunar or perilunar carpal bone can be a hidden cause of carpal tunnel syndrome resulting from the narrowing of the carpal tunnel and compression of the median nerve. However, lunate/perilunate dislocation associated with median neuropathy is often missed at initial evaluation [2] . Adequate initial imaging tools, including plain radiography and ultrasonography, are crucial for the early diagnosis of underlying structural causes that may require surgical management. Here we present a case of lunate dislocation associated with median neuropathy in which ultrasonography played an important role in initial diagnosis and provide representative ultrasonographic images of lunate dislocation as a cause of median neuropathy. Lunate and perilunate dislocations are uncommon, but they have clinical importance because complications, such as median neuropathy and avascular necrosis of the lunate, can occur. Although early diagnosis enabling early surgical treatment is crucial for preventing long-term sequelae, these dislocations are frequently missed in the initial assessment. Imaging tools, such as plain radiography, magnetic resonance imaging, ultrasonography, and electrodiagnostic studies, have been used for diagnosis. The proper choice of initial evaluation tools is important for making an accurate early diagnosis. Here we present a case of lunate dislocation associated with median neuropathy in which ultrasonography, along with the electrodiagnostic study and plain radiography, played an important diagnostic role in detecting structural abnormalities. This case report reveals the complementary diagnostic role of ultrasonography in initial assessment and provides ultrasonographic images of lunate dislocation as a cause of median neuropathy.
INTRODUCTION
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CASE REPORT
A 68-year-old man with a medical history of hypertension, dyslipidemia, and stroke was referred for electrodiagnostic study due to right palm paresthesia and thenar weakness 3 weeks after falling down the stairs. As his initial chief complaint was a deep right periorbital laceration, dizziness, and right-palm paresthesia, he was admitted to the Department of Neurosurgery to rule out a brain lesion and underwent a brain MRI, which revealed no newly developed abnormality. Subsequently, he was referred to the Department of Rehabilitation Medicine to determine the underlying cause of right-hand paresthesia. Upon physical examination, there was a numbness and tingling sensation along a right median nerve distribution and right thumb abduction weakness (grade 4/5). Phalen's sign was positive on the right side. Tinel's sign was positive when percussion was performed on the right wrist, specifically slightly distal to the wrist crease, where proximal carpal bones were located. Edema or tenderness around the wrist was not evident.
On a nerve conduction study, the sensory nerve potential of the right median nerve, stimulated at the wrist and palm, and recorded on the second, third, and fourth fingers, was absent ( Table 1) . The compound motor action potential of the right median nerve, stimulated at the wrist and recorded on the abductor pollicis brevis muscle, was also absent. A needle electromyography (EMG) showed abnormal spontaneous activity at rest, reduced recruitment of motor unit action potentials on minimal volition, and discrete interference of motor unit action potentials on maximal volition in the right abductor pollicis brevis muscle. These electrodiagnostic findings suggested a severe axonal injury in right median nerve at the wrist.
To determine possible structural abnormalities, an ultrasonography was performed. It revealed volar dislocation of the lunate bone that compressed the median nerve in the carpal tunnel. Proximal to the compression site, the median nerve was swollen (cross-sectional area, 0.119 cm 2 ). Only the median nerve and one flexor tendon were observed over the lunate bone (Fig. 1A, 1B) . Ultrasonography of a normal, similarly-aged man for comparison showed a normal alignment of the carpal bones and a non-compressed median nerve (Fig. 1C, 1D ). The patient's plain radiographs showed volar dislocation of the lunate bone and an ulnar styloid process fracture ( Fig. 2A, 2B ). The plain radiographs were compared with those of the patient's other hand, which showed a normal alignment of the carpal bones (Fig. 2C, 2D) . A wrist MRI provided additional information, revealing flexor synovitis and bone contusion in the carpal bone and distal radius (Fig. 3A, 3B ).
Open reduction of the lunate bone and repair of the www.e-arm.org scapholunate, lunotriquetral, and radiolunate ligaments were performed by the dorsal approach. A carpal tunnel release or median neurorrhaphy was not performed. One year later, the patient's sensory disturbance and thumb weakness were improved, consistent with the follow-up ultrasonography and plain radiography findings, revealing a repositioned lunate bone and non-compressed median nerve (Fig. 4) . A follow-up electrodiagnostic study was performed 4 years later ( Table 1) . The sensory nerve conduction study demonstrated slowed conduction of the right median nerve across the carpal tunnel region. A needle EMG showed no abnormal spontaneous activities at rest, normal recruitment, and interferential patterns on volition in the right abductor pollicis brevis muscle.
DISCUSSION
Perilunate and lunate dislocations are injuries on the spectrum of carpal dislocations and fracture-dislocations [3] . They usually occur after high-energy hyperextension wrist injuries. Perilunate dislocation refers to the condition that carpal bones are displaced dorsally to the lunate bone. Lunate dislocation, which refers to the displacement of the lunate bone from lunate fossa of the distal radius, is a later stage of the perilunate dislocation.
Previous reports described cases of perilunate and lunate dislocations that were initially missed and diagnosed later [1, 2, [4] [5] [6] . About 25% of perilunate dislocations were reportedly missed on initial presentation and only 61% of cases were treated within the first week [1] . However, delayed diagnosis of perilunate or lunate dislo- www.e-arm.org cation can lead to late complications, including median neuropathy, avascular necrosis, and osteoarthritis of the carpal bone. The reported rate of median nerve injury by lunate dislocation ranges from 24%-45% [7] . The typical treatment of median neuropathy associated with perilunate or lunate dislocation is surgical management. As the median nerve is positioned adjacent to the lunate and capitate bones, open reduction of the dislocated lunate and repair of the carpal ligaments, including the scapholunate ligament, should be performed. In previously reported cases, transverse carpal ligament release alone after overlooking lunate dislocation as a cause of carpal tunnel syndrome failed to relieve symptoms and resulted in relapse [2, 6] .
Initial diagnosis of lunate and perilunate dislocations has usually been made by plain radiography. Ensuring the continuity of the 'arcs of Gilula' on anterior-posterior radiographs and normal collinearity of the distal radius, lunate, capitate, and metacarpal base of the middle finger on lateral radiographs is the most widely-used method for determining abnormalities in a carpal alignment as illustrated in Fig. 2 [8] [9] [10] . Although plain radiography has superiority for generally assessing carpal alignment, it cannot assess soft tissue structures, including nerves and tendons. Moreover, without careful attention to carpal alignment, carpal dislocations are frequently missed. In contrast, ultrasonography, as shown in our case, accurately identified lunate dislocation, the proximity of the median nerve, and the dislocated lunate bone, and morphologic changes in the median nerve, such as compression and enlargement. Our case showed that ultrasonography can play an important complementary role in revealing the underlying cause of neuropathy such as space-occupying lesions. Ultrasonography is easily applicable for initial evaluation due to its portability, low cost, short examination time, and wide availability in contrast to MRI. Moreover, carpal instability can be assessed by an ultrasonographic dynamic stress test.
In this case, ultrasonographic imaging played an important diagnostic role in identifying lunate dislocation associated with median neuropathy. We recommend ultrasonography along with an electrodiagnostic study for initially assessing patients suspected to have median neuropathy, especially after traumatic injury at the wrist level, because ultrasonography can reveal the underlying structural cause of median neuropathy. 
